The purpose of this study was to determine how changes in [HCO 3 − ] alter the electrical properties of the retinal pigment epithelium (RPE). Experiments were conducted on the isolated chick retina-RPE-choroid preparation. The chamber holding the preparation allowed independent perfusion of the retinal and the choroidal surfaces. The light-evoked trans-tissue potential (TTP), the trans-epithelial potential (TEP), the trans-retinal potentials, and the intracellularly-recorded apical and basal membrane potentials were studied. Increasing the [HCO 3 − ] 0 in the choroidal bath from 25 to 40 mEq/l led to an increase in the TTP and TEP. The same change in the retinal bath decreased the TTP because of a biphasic change of the RPE membrane potentials. There was also an increase in the amplitudes of the TEP, the c-wave and the slow PIII. The light-evoked subretinal K + decrease was greater which is consistent with an increase in the photoreceptor light response. These observations indicated that the decrease of TTP resulted from a basal membrane hyperpolarization followed by an apical membrane depolarization induced by an increase in retinal [HCO 3 − ] 0 . The relationship of these potential changes to the human bicarbonate responses is discussed.
Introduction
A change in the bicarbonate ion concentration [HCO 3 − ] around the retinal pigment epithelium (RPE) alters the electrical activity of the retinal pigment epithelium, e.g. the standing potential (SP) and the DCelectroretinogram (ERG) (Steinberg & Miller, 1973; Niemeyer & Steinberg, 1984; Dawis, Hofmann & Niemeyer, 1985; Hughes, Adorante, Miller & Lin, 1989; La Cour, 1989; Joseph & Miller, 1991; Lin, Kenyon & Miller, 1992; Kennedy, 1994) . In humans, an intravenous injection of a 7% solution of sodium bicarbonate decreases the ocular SP which is recorded as a decrease in the amplitude of the electro-oculogram (EOG). This change in the SP is referred to as the 'bicarbonate response'. Because animal studies have shown that the SP of the eye originates principally from the RPE (Noell, 1954) , the bicarbonate response has been used as a clinical test of RPE function (Segawa, 1987a) . The amplitude of the bicarbonate response in patients is depressed in a number of diseases which are thought to alter RPE integrity, e.g. retinitis pigmentosa, Harada's disease, retinal detachment and eyes with a metallic intraocular foreign body (Segawa, 1987a; Tanabe, Shirao, Oda & Kawasaki, 1992) . The bicarbonate response is considered to be a more specific test of RPE integrity as other tests of RPE function, such as the c-wave of the ERG and the light peak of the EOG, depend on the integrity of the photoreceptors (Segawa, 1987a; Tanabe et al., 1992) . However, to the best of our knowledge, the exact mechanism for the generation of the bicarbonate response has not been determined.
In the present study, we used an isolated neural retina-RPE-choroid preparation of chicks and studied the effect of changes in the [HCO 3 − ] on the SP and the light-evoked RPE responses. To determine the origin of the bicarbonate effects on the trans-epithelial potentials (TEP) and the light-evoked responses, the activity of the photoreceptors was monitored by measuring the subretinal K + concentrations. In addition, intracellular recordings from the RPE cells were used to monitor the physiology of the apical and basal membranes of the RPE.
Materials and methods

Preparation of specimens and solutions
The experiments were performed on the retina-RPEchoroid preparation isolated from 1 to 7 day old white chicks (Gallus domesticus) as previously described (Maruiwa, Nao-i, Nakazaki & Sawada, 1995) . All animals were treated in accordance with the ARVO Resolution on the Use of Animals in Ophthalmic and Vision Research. The animals were first light-adapted for a minimum of 2 h to increase the adhesion of the neural retina to the RPE and then dark-adapted for at least 10 min before decapitation. The eye was enucleated and mounted, cornea down, in a dissecting chamber filled with control perfusate (solutes in mM: 105.0 NaCl, 25.0 NaHCO 3 , 15.0 sodium cyclamate, 25.0 dextrose, 5.0 KCl, 3.0 MgCl 2 , 1.8 CaCl 2 ; osmolarity, 309 mOsm). The perfusate was constantly oxygenated with 95% O 2 and 5% CO 2 gas, and the pH was 7.5 90.1; and the temperature was 36.09 0.1°C.
An incision was made through the sclera with care taken not to penetrate the choroid, and the sclera posterior to the ora serrata was dissected away from the choroid. With a pair of ophthalmic scissors, a 5-mm diameter section of retina-RPE-choroid tissue was excised and placed, choroid down, on a nylon mesh (150 mm thickness PP-150N, Kyoueirikou, Tokyo, Japan). The preparation was then mounted on the basal plate of the perfusion chamber and the preparation was held down by a coverplate. Both plates had a 3-mm diameter opening to allow the perfusate to bathe the preparation. The plates kept the choroidal and retinal surfaces isolated so that substances added to the choroidal solution encountered the basal surface of the RPE after diffusion through the choroid, while substances added to the perfusate on the retinal side encountered the apical surface of the RPE after diffusion through the neural retina.
The test solution with a high bicarbonate ion concentration contained 105.0 mM NaCl, 40.0 mM NaHCO 3 , 25.0 mM dextrose, 5.0 mM KCl, 3.0 mM MgCl 2 , and 1.8 mM CaCl 2 . This solution with CH 3 COOH to lower the pH to the level of the control solution. After 20 min bubbling with 95% O 2 and 5% CO 2 , the pH was 7.58 -7.63 which was higher than the pH (7.59 0.1) of the control solution. Sodium cyclamate was obtained from Sigma Chemical (St. Louis, MO); the other chemicals were obtained from Nacalai Tesque (Kyoto, Japan). To maintain the temperature of the perfusate at 36.0°C, heater coils were inserted in the retinal and choroidal inlets to the perfusing chamber. In addition, all of the solutions were preheated.
Because chick retinas are susceptible to spreading depression, we minimized its occurrence by careful dissection techniques, by controlling the temperature, by dark-adapting the retinas for 10 min prior to enucleation and by increasing the Mg 2 + to 3.0 mM (three times the concentration used in similar preparations with frogs). Because of the relatively high Mg 2 + concentration, synaptic transmission in the neural retina was depressed to some degree as evidenced by the small b-wave in the DC-ERG (Gallemore, Griff & Steinberg, 1988) .
Light stimulus
The preparation was dark-adapted for 1 h before the recordings began. The stimulus was a diffuse white light obtained from a halogen lamp and the final stimulus intensity was 6× 10 − 5 W/cm 2 . C-waves were elicited with 4-s duration flashes every 60 or 90 s, and the light peak was evoked with a 300 s duration stimulus every 60 min.
Electrodes
Conventional and K
+ -selective microelectrodes were prepared according to the technique of Gallemore and Steinberg (1990) . Briefly, K + -selective microelectrodes were constructed from double-barreled glass tubing (Omega Dot, 2B150f-4, WPI, Sarasota, FL). The tip of the active barrel was filled with K + liquid ion-exchanger resin (Fluka, Bucks, Switzerland) . The tip of the K + -selective microelectrode was beveled to 1-3 mm (EG-6, Narishige, Tokyo, Japan). The electrodes were connected to the input of a high impedance probe (PP-103, Nihon Koden, Tokyo, Japan) and calibrated before and after each experiment. Microelectrode potentials were measured using a microelectrode amplifier (MEZ-8300, Nihon).
Recording configurations and equi6alent circuits
Microelectrodes were placed in the subretinal space (position 2, Fig. 1 ) and referenced to the choroidal electrode (position 5) to yield the TEP and to the retinal electrode (position 1) to yield the trans-retinal potential (V R ). When recording the V R in this configuration, the subretinal space is positive and the retinal bath is negative. The intracellular microelectrode (position 3) gives the basal membrane potential (V ba ) when referenced to the choroidal electrode, and the apical membrane potential (V ap ) plus the V R when referenced to the retinal electrode, respectively. V ap plus V R were assumed to be equal to V ap because of the relatively small size of V R . The potential difference between the retinal and choroidal electrodes is the trans-tissue potential (TTP).
The following equations are valid for the circuit of Fig. 1 and the reader is referred to earlier publications for their derivations (Miller & Steinberg, 1977; Linsenmeier & Steinberg, 1983; Griff, Shirao & Steinberg, 1985) .
where, V% ap is the apical membrane battery; R ap (R ba ) is the apical (basal) membrane resistance; and R s is the paracellular shunt resistance. Eqs. (3) and (4), and Eq. (5) explain the changes in V ap , V ba , and TEP when there The neural retina and choroid are represented by the resistors R R and R ch , respectively. The RPE apical membrane is represented by a resistor, R ap , in series with a battery, V% ap . Similarly, the basal membrane is represented by a resistor, R ba , and a battery, V% ba . The membrane resistance is shunted by a resistor, R s , the paracellular pathways. As a result of current flow across R ap and R ba , the membrane potentials recorded across these resistances (V ap and V ba , respectively) differ from the membrane batteries (V% ap and V% ba ). The standing potential across the RPEchoroid is the trans-epithelial potential (TEP), and the potential across the neural retina is the trans-retinal potential (V R ). The trans-tissue potential (TTP) is the difference between TEP and V R . The change of TTP in response to light is the DC electroretinogram. Extracellular electrodes were placed in the retinal perfusate (position 1) and the choroidal perfusate (position 5). The microelectrode was placed either in the subretinal space (position 2) or intracellularly in the RPE cell (position 3).
is a change in V% ap (e.g. during the RPE c-wave). All signals were displayed on an oscilloscope (memory oscilloscope VC-11, Nihon) and a personal computer (PC-9801 BX, NEC, Tokyo, Japan), and stored on digital audio tape (used with RD-111 PCM Data Recorder, TEAC, Tokyo, Japan). Recordings were subsequently digitized (PC-Module ATP-16H AD12-16TA, CONTEC, Osaka, Japan), and stored in a computer file (used with software LABTEC Notebook, CONTEC). By passing current (1.0 mA, 1.0 s) across the tissue, we determined the following resistance values: trans-retinal, R R ; trans-epithelial, R RPE ; trans-tissue, R tot (extracellular recording), and the resistance ratio (a-value= R ap /R ba ) (intracellular recording). Data are expressed as mean9standard error of the mean (S.E.M.).
Results
Effect of bicarbonate load on the TTP
Choroidal bicarbonate load
A change of [HCO 3 − ] 0 in the choroidal bath from 25 to 40 mEq/l increased the TTP by 1.08 mV (Fig. 2) . The average increase in ten preparations was 0.769 0.11 mV. The increase probably originated exclusively from the RPE because the TEP increased with approximately the same time course and magnitude as the increase of the TTP. In addition, V R did not change during this change in the bicarbonate level (Fig. 2) . − ] in the choroidal perfusate from 25 to 40 mM on the RPE membrane potentials and the trans-tissue potential. The apical membrane potential (V ap ) and the basal membrane potential (V ba ) were recorded between the intracellular microelectrode and the retinal or the choroidal perfusate, respectively. At the start of the perfusion, the V ap and V ba were −75 and − 69 mV, respectively. epithelial resistance similarly but did not affect the trans-retinal resistance (Fig. 4) . The mean trans-tissue resistance decrease was from 1.6290.04 to 1.549 0.05 MV (P= 0.0004; n=8) while the trans-epithelial resistance decreased from 1.389 0.04 to 1.289 0.05 MV (P =0.0006; n=8). The trans-retinal resistance showed minimal change from 0.249 0.01 to 0.26 9 0.02 MV (P =0.34; n= 8).
Retinal bicarbonate load
The changes induced by a retinal bicarbonate load were the reverse of the choroidal bicarbonate load.
Intracellular recordings from RPE cells revealed that the increase in the TTP resulted from a RPE basal membrane depolarization (Fig. 3) . In two experiments, choroidal perfusion with 40 mM [HCO 3 − ] depolarized the basal membrane by 4.02 and 4.54 mV.
The exposure of the choroidal surface to 40 mM [HCO 3 − ] also decreased the trans-tissue and the trans- Thus, an increase of [HCO 3 − ] from 25 to 40 mEq/l in the retinal bath decreased the TTP (Fig. 5) with an average decrease in ten tissue samples of 0.5390.09 mV. This decrease probably originated exclusively from the RPE because the TEP decreased with approximately the same time course and magnitude as the decrease in the TTP while V R did not change. Although the decrease of TTP to the retinal [HCO 3 − ] was monophasic, intracellular RPE recordings revealed that the decrease resulted from a biphasic change of the RPE membrane potentials, i.e. initial hyperpolarization of the basal membrane of 3.0 mV (phase 1) followed by a relative depolarization of the apical membrane by 1.8 mV (phase 2) (Fig. 6) .
Exposure of the retinal surface to 40 mM [HCO 3 − ] increased both the trans-tissue resistance from 1.64 9 0.05 to 1.739 0.06 MV (P = 0.0045; n =8) and the trans-epithelial resistance from 1.349 0.04 to 1.429 0.04 MV (P= 0.0015; n =8). The bicarbonate load did not alter the trans-retinal resistance significantly (from 0.309 0.02 to 0.3190.02 MV; P = 0.157; n = 8) (Fig.  4b ).
Effect of bicarbonate load on the c-wa6e
Choroidal bicarbonate load
An increase of [HCO 3 − ] in the choroidal bath increased the amplitudes of the two components of the trans-tissue c-wave, namely, the RPE c-wave (by 136.59 8.4%) and the slow PIII (by 112.6 92.3%) (Fig.  7) . The experiments with K + -selective microelectrodes placed in the subretinal space demonstrated that the light-evoked decrease of V K + went from 6.28 90.71 to 6.38 9 0.80 mV during the choroidal bicarbonate load (P= 0.377; n=4) . Because the increase of the TEP Fig. 7 . Trans-tissue, trans-epithelial, trans-retinal c-waves and subretinal K + recordings measurements recorded during perfusion and recovery of choroidal perfusion of HCO 3 − . After the control responses were recorded in 25 mM HCO 3 − , the specimen was perfused on choroidal surface with 40 mM HCO 3 − for 15 min and then with the control solution for 30 min. Light stimuli were delivered at 4 s intervals.
c-wave was relatively larger than that of the slow PIII, and because of the decrease of V K + , the increase in the c-wave must be attributed to the relative increase in the transepithelial component and not the trans-retinal component. The TEP c-wave increased because the increase in choroidal [HCO 3 − ] reduced the amplitudes of hyperpolarization of V ba (to 90.0 90.04% of control) more than the decrease in Vap (to 92.3 9 0.03% of control; n=2) (Fig. 8). 
Retinal bicarbonate load
The amplitude of the trans-tissue c-wave elicited by light stimulation decreased when the bicarbonate level − ] in the retinal perfusate from 25 to 40 mM on the retinal pigment epithelium membrane potentials and the trans-tissue potential. Apical membrane potential (V ap ) and basal membrane potential (V ba ) were recorded between the intracellular microelectrode and the retinal or the choroidal perfusate, respectively. At the start of the perfusion, the V ap and V ba measurements were − 78 and − 72 mV, respectively. on the retinal surface was increased (Fig. 9) . However, the very large and rapid decrease in this potential at light onset suggested that there was another effect as well, possibly an increase in the a-wave. The increase in the a-wave is also suggested by the rapid rising phase of the trans retinal response. This response may not be just slow PIII. We also observed that raising the retinal [HCO 3 − ] increased the slow PIII and the TEP c-wave in some preparations but in others, the TEP c-wave did not change as shown in Fig. 9 . However in all cases, the increase in the slow PIII was greater than the increase in the TEP c-wave (TEP c-wave increased to 109.7 9 5.8% of control, P=0.138); and slow PIII increased to 136.599.1% of control; (P = 0.031, n = 8). Recordings with the subretinal K + -sensitive microelectrode showed that the retinal bicarbonate load led to a light-evoked [K + ] 0 decrease from − 5.619 1.31 to − 7.229 1.98 mV (P= 0.0835, n=3) . Intracellular RPE recordings revealed that during phase 1 an increase in retinal [HCO 3 − ] increased the amplitudes of hyperpolarization of both membranes (Fig. 10) . During phase 2, the amplitude of hyperpolarization of the apical membrane became smaller than that of phase 1. The center panel of Fig. 9 was taken in phase 2.
Effect of bicarbonate load on the light peak
The light peak is believed to originate from the interaction(s) between the photoreceptors and the RPE (Linsenmeier & Steinberg, 1983; Gallemore et al., 1988 ). An increase of [HCO 3 − ] in the choroidal bath increased the amplitude of the light peak and the change was partially reversible (Fig. 11A) . In contrast, an increase of [HCO 3 − ] in the retinal bath depressed the light peak profoundly and when the control conditions were restored, the amplitude of the light peak recovered although not completely (Fig. 11B) .
Discussion
Effects of bicarbonate on SP change
The present study showed that an increase of [HCO 3 − ] in the choroidal bath changed the TEP in the opposite direction to that of the SP observed in the human bicarbonate response. Because the TEP represents the difference between V ap and V ba , the increase in the TEP could have resulted from hyperpolarization of the apical membrane and/or depolarization of the basal membrane. Intracellular RPE recordings revealed that the increase of the bicarbonate levels on the choroidal surface led to a depolarization of the RPE basal membrane accompanied by a decrease in resistance. The concomitant decrease in RPE resistance and basal membrane depolarization is also produced by other agents or conditions, e.g. choroidal azide exposure (Gallemore & Steinberg, 1984a, 0 .25 M retinal dopamine (Gallemore & Steinberg, 1984b ) and retinal adenosine (Maruiwa et al., 1995) . Gallemore and Steinberg (1984a; 1984b) have presented evidence for a DIDS-inhibitable, basal membrane Cl − conductance in the chick RPE. Because Cl − is distributed above equilibrium across the chick RPE basal membrane, an increase in Cl − conductance depolarizes the basal membrane and decreases its resistance. Thus, the bicarbonate-induced basal membrane depolarization may have resulted from an increase in the basal membrane anion conductance induced by altering the bicarbonate-related intracellular ion activities which then results in a change in the driving force of the Cl − conductance.
In contrast to the choroidal bicarbonate load, an increase of [HCO 3 − ] in the retinal bath decreased the TEP with the same polarity as the SP decrease in the human bicarbonate response. Although the decrease in the TTP in response to the retinal bicarbonate load was monophasic, this decrease was attributable to biphasic changes in the two RPE membranes, namely, a hyperpolarization of the basal membrane followed by a depolarization of the apical membrane. We also found that the RPE resistance increased in response to the retinal bicarbonate load. Using an in vitro RPE-choroid preparation of frogs, Hughes et al. (1989) reported that an increase in apical [HCO 3 − ] from 27.5 to 55 mM at a constant PCO 2 caused a rapid hyperpolarization of basal membrane followed by partial repolarization. In addition, there was an increase of the TEP and a decrease of RPE resistance. Our results differed from theirs as we recorded a decrease in the TEP and an increase of the RPE resistance. These differences might result from species differences (coldversus warm-blooded) or may be due to the presence of the neural retina in our preparation. Further studies are needed to determine the mechanism for these differences.
Effects of bicarbonate on the light-e6oked responses
C-wa6e
The c-wave originates from a decrease in [K + ] 0 in the subretinal space. This decrease in [K + ] 0 hyperpolarizes the RPE to give rise to the RPE c-wave, and also hyperpolarizes the Muller cells to produce the slow PIII (Steinberg, Linsenmeier & Griff, 1985) . In the present study, we found that the choroidal bicarbonate load increased the amplitudes of the TTP and TEP c-waves (see Fig. 8 ). It had been shown previously that the TEP c-wave amplitude is sensitive to the resistance of the RPE basal membrane (Shirao & Steinberg, 1987) , and a decrease in the basal membrane resistance leads to an increase in the RPE c-wave. Eq. (3) and Eq. (4) show that this is observed at the RPE as a decrease in the amplitudes of the apical and basal membrane hyperpolarizations but with an increase in the amplitude of their difference (Fig. 9) . The effect of the choroidal bicarbonate load is another instance of an increase in c-wave amplitude accompanying a basal membrane depolarization and a resistance decrease. This same relationship between the c-wave and the potential changes has been seen in a variety of conditions that accompany an increase in c-wave amplitude. The mechanism is likely to be a basal membrane depolarization coupled to a resistance decrease as observed with retinal hyperosmolarity (Shirao & Steinberg, 1987) , hypoxia (Linsenmeier & Steinberg, 1986) , and retinal dopamine . In the present study, the trans-retinal c-wave (slow PIII) increased slightly with the choroidal bicarbonate load. Because an increase in the trans-retinal c-wave almost always is accompanied by an increase in the light-evoked decrease of the [K + ] 0 , the choroidal bicarbonate load may slightly enhance the photoreceptor activity, as evidence by the greater light-evoked [K + ] 0 decrease. However, the change in the photoreceptor activity had only a relatively small effect on the c-wave amplitude. A fraction of the slow PIII is a voltage drop across the trans-retinal resistance produced by the TEP c-wave current. Thus, the increase in the slow PIII may result from the shunting of the increase of the TEP c-wave.
The effects of the retinal bicarbonate load include the change in photoreceptor activity because the lightevoked decrease of [K + ] 0 increased significantly. The increase in DV K + caused an larger slow PIII and an increase in DV ap % , although the trans-tissue c-wave decreased. Because the RPE c-wave did not increase, there might must be (1) an apical conductance change prevented an increase DV ap % , and/or (2) there was also a basal change, since DV ba is larger than in the center panel in Fig. 10 .
Photoreceptor cells have a high rate of metabolic acid production (Yamamoto & Steinberg, 1992) . In the frog cone, the photoresponse increases in response to an increase of [HCO 3 − ] 0 via HCO 3 − /Cl − exchange (Koskelainen, Donner, Lerber & Hemila, 1993) . In the present study, the light-evoked decrease of [K + ] 0 was greater. However, the ERG c-wave decreased because the increase of the slow PIII was larger than that of the TEP c-wave which might be suppressed. The change in the RPE c-wave can be explained from Eqs. (3) and (4) and Eq. (5). During phase 1, if the V% ap did not change and the R ba increased, V ba would have increased more than V ap , and the TEP would have also increased. However, slow PIII also increased. Because the V% ap might increase, and the V ap includes the retinal component in this experiment, the change in the TEP was more complex. During phase 2, the change in the RPE c-wave can also be explained by the increase of the R ap from Eqs. (3) and (4) and Eq. (5), if the V% ap did not change. From Eqs. (3) and (4) and Eq. (5), during phase 1, the conductance of some ion channels in the basal membrane might decrease and hyperpolarize the resting potential of the basal membrane (E m ). In frog RPE, rheogenic Na-HCO 3 cotransport at the apical membrane has been reported (Hughes et al., 1989; La Cour, 1989 ). An increase of the apical [HCO 3 − ] 0 activates the Na-HCO 3 cotransport and hyperpolarizes the apical membrane. However, in the present experiment, the first RPE response began with a basal membrane hyperpolarization. At the basal membrane, K + conductance (gK + ) and Cl − conductance (gCl − ) are well known (Gallemore, Hernandez, Tayyanipour, Fujii & Steinberg, 1993) . A decrease in gK + will cause the membrane to depolarized from E m , and a decrease in the gCl − will cause the membrane to hyperpolarize from E m . Cl − conductance was affected by the changing conditions of the apical membrane such as the light peak (Gallemore et al., 1988 (Edelman, Lin & Miller, 1994) . From the present studies, the apical [HCO 3 − ] 0 effect on the basal membrane conductance might occur via Cl − flux change.
Light-peak
The retinal bicarbonate load depressed the light peak. This does not necessarily mean that the bicarbonate ion is closely involved in the light peak mechanism. Gallemore and Steinberg (1990) showed that decreases or increases in SP is often accompanied by light peak suppression and that this effect is relatively non-specific because it can be produced by a variety of pharmacologic agents and experimental manipulations. However, the choroidal bicarbonate load increased the light peak which has never been observed previously to accompany a depolarization of the V ba . This could be the result of an increased photoreceptor activity.
Human bicarbonate response
The bicarbonate response in humans is elicited by the slow intravenous infusion of 7% NaHCO 3 (Segawa, 1987a) . Because 7% NaHCO 3 contains 833 mEq/l Na + and HCO 3 − , the infusion amount was 0.83 ml/kg which would lead to an increase in the HCO 3 − concentration in the blood vessels by approximately 10 mM, a change in concentration not significantly different from the one used in the present study. The response to this infusion as recorded by the EOG is a decrease in the SP in the dark to a minimum approximately 15 min after the beginning of the infusion. It was suggested that the sodium bicarbonate response was more sensitive for testing RPE dysfunction than the hyperosmolarity response in cases of retinitis pigmentosa, Harada's disease, retinal detachment, and eyes with an intraocular metallic foreign body (Segawa, 1987a; Tanabe et al., 1992) . Segawa (1987b) investigated the origin of this response in an in vitro preparation of the retina-RPEchoroid and the RPE-choroid in the cat. He showed that 45 mM of choroidal HCO 3 − decreased the TTP, hyperpolarized the apical membrane of the RPE, and this change had the same polarity as the human bicarbonate response. According to our results, an increased choroidal HCO 3 − increased the TTP and depolarized the basal RPE membrane. These differences might be attributable to species differences as similar differences have been found for acetazolamide (Yamamoto et al., 1992 ) and cAMP (Nao-i, Gallemore & .
